Based on the microscopic mechanisms of (1) charge-excitation-induced negative effective U in s 1 or d 9 electronic configurations, and (2) exchange-correlation-induced negative effective U in d 4 or d 6 electronic configurations, we propose a general rule and materials design of negative effective U system in itinerant (ionic and metallic) system for the realization of high-T c superconductors. We design a T c -enhancing layer (or clusters) of charge-excitation-induced negative effective U connecting the superconducting layers for the realistic systems.
states with s electrons), or through the exchange-energy gain of d 5 electronic configuration, the N electron system in s 1 (or d 9 , or d 4 ) electronic configuration becomes NEU system due to the concavity (see Fig. 1 ). In ab initio calculation, NEU system caused by ECI-NEU mechanism is predicted in Si:Cr system 2) and in (Ga,Mn)As system 3) quantitatively. We can realize NEU system for s 1 (or d 9 ) electronic configuration based on the charge excitation or for d 4 electronic configuration based on the exchange-correlation energy gain 2) as will be shown later, therefore, we can expect a charge disproportionation and insulating CDW in the reaction of 2s 1 → s 0 + s 2 , (or 2d 9 Indication of NEU system due to these pure electronic mechanisms appears as the missing oxidation states in experiments. ECI-NEU causes the missing oxidation state in the d 4 (or d 6 ) electronic configuration through the charge disproportionations in the reaction of 2d 4 
. Katayama-Yoshida and Zunger 2) proposed that localized centers sustaining local magnetic moment can show NEU behavior, when the exchange (or, in general, many-electron correlation) interactions outweigh the strongly reduced Coulomb repulsions in the covalent materials such as oxides or covalent semiconductors. This NEU mechanism can explain missing oxidation states in chemistry; 4) We have another microscopic mechanism of NEU system in the s 1 or d 9 electronic configurations. Here we may refer to the experimentally observed chemical trends of first (A 0 → A + + e − ), second (A + → A 2+ + e − ), and third (A 2+ → A 3+ + e − ) ionization energies of free atoms in the second, third, fourth, and fifth period in the periodic table. We find that the ionization energy of s 1 electronic configuration for 2s-, 3s-, 4s-, and 5s-orbitals shows the
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Submitted to Applied Physics Express minimum suggesting an instability of s 1 electronic configuration, and that s 2 electronic configurations (closed-shell in s-orbital) show always the peak suggesting a stability of closed-shell in s 2 electronic configuration. 9) The experimental data on the missing oxidation states of ions in s 1 electronic configuration may be another secret key point. It is well known in experiment that the existence of the missing oxidation states of ions such as Tl 2+ (6s 1 ), Pb 3+ (6s 1 ), Hg + (6s 1 ), and Bi 4+ (6s 1 ) in the periodic table, 10, 11) and these atoms indicate NEU nature, where following charge disproportionation occurs in the insulating compounds; 2Tl 2+ (6s 1 ) → Tl + (6s 2 ) + Tl 3+ (6s 0 ), 2Pb 3+ (6s 1 ) → Pb 2+ (6s 2 ) + Pb 4+ (6s 0 ), 2Hg + (6s 1 ) → Hg 0 (6s 2 ) + Hg 2+ (6s 0 ), and 2Bi 4+ (6s 1 ) → Bi 3+ (6s 2 ) + Bi 5+ (6s 0 ). Therefore, all of these insulating compounds such as BaBiO 3 , BaPbO 3 , indicate the insulating CDW with static charge disproportionation caused by CEI-NEU. In order to realize a new-class of high-T c superconductivity based on CEI-NEU in an itinerant system, we should destabilize CDW by p-or n-type doping or by applying the ultra-high pressures.
We show our theoretical prediction of missing oxidation states comparing with the experimental observations, 10, 11) where all of the electronic configurations in the missing oxidation states are the s 1 electronic configuration acting as a NEU center (see Table I ). The microscopic mechanism of the NEU system in the N electron system of s 1 electronic configuration in the polarizable condensed matter, such as solid, liquid or glass materials, is caused by the closed-shell stability in the (N + 1) electron system of s 2 electronic configuration due to the short-range charge excitation from the s-to p-orbital in condensed matter. Since the energy level of the ground state in the ns 2 electronic configuration (n = 2, 3, 4, 5, and 6) is close to the excited state with the p electrons, the ground state of ns 2 electronic configuration repels with the excited state with np electrons very strongly in the perturbation theory through the mixing between the ns 2 and charge-excited configuration in covalent and polarizable materials, then the charge excitation dramatically stabilizes the electron-rich configuration in ns 2 electronic configuration than the ns 1 electronic configuration. Therefore, we can observe universally in the experiment that the ns 1 electronic configuration always shows CEI-NEU and the missing oxidation state in the thermal equilibrium (naturally it does not exist in the nature).
Based on CEI-NEU system, we can design an itinerant system with NEU s 1 electronic configuration in alkali metal [for example Li 0 (2s 1 ), Na 0 (3s 1 ), K 0 (4s 1 ), Rb 0 (5s 1 ), and Cs 0 (6s 1 itinerant and CEI-NEU system are summarized in Table I. It is easy to fabricate transparent conducting oxides (TCO) in n-type doped ZnO or In 2 O 3 upon the donor doping such as oxygen-vacancy (double donors), or applied the ultrahigh pressures, therefore, these system has high potentiality to realize the transparent high-T c superconductors upon the n-type doping or under the conditions of the ultra-high pressures.
Here, we propose a T c -enhancement in NEU layers for high-T c superconductivity, which are constructed by (i) the T c -enhancing layers increasing the pairing interaction by CEI-NEU system (or atoms, molecules, or clusters) and (ii) the covalent-superconducting layers with a strong covalent-bonding with resisting the formation of CDW, or SDW caused by the strong NEU system.
When we look at the electronic configurations of ground states in 3d transition atoms, we see the missing state in the 3d 4 electronic configuration in Cr 0 atom, where the 3d 5 4s 1 electronic configuration becomes more stable than the 3d 4 4s 2 electronic configuration due to the exchange-correlation energy gain. When a free atom is placed into the polarizable host materials such as oxides or semiconductors, its Coulomb and exchange-correlation interactions respond in fundamentally different ways to screening. The Coulomb interaction, responding to long-wave length (mono-pole) screening, is reduced far more than the exchange-correlation interaction (multi-pole screening). 14) This has been demonstrated theoretically and experimentally, 15) as is called Haldane and Anderson mechanism. Cr 0 (3d 6 ), Mn + (3d 6 ), Fe 2+ (3d 6 ), Co 3+ (3d 6 ), and Ni 4+ (3d 6 ) for d 6 configurations (see Table   II .)
In the ground state configuration, we can also see the missing oxidation state in the 3d 9 electronic configuration in Cu 0 atom, where the 3d 10 4s 1 electronic configuration becomes more stable than the 3d 9 4s 2 electronic configuration due to the charge-excitation-induced energy gain through the charge excitation from 3d 10 4s 1 . Due to the same reason as was discussed in ECI-NEU, its long-range Coulomb and short-range Coulomb interactions respond in fundamentally different ways to screening, where a long-range Coulomb interaction responding to screening is reduced far more than the short-range d-s charge-excitation interaction. Thus d 9 electronic configuration such as Cu 2+ (3d 9 ) and Ag 2+ (4d 9 ) is CEI-NEU system through the stabilization energy of electron-rich 3d 10 (closed-shell stabilization) electronic configuration.
Therefore we can expect the superconductivity caused by the pairing through CEI-NEU with For the cuprate high-T c superconductors such as La 2 (1− Recently, it was discovered a new-type high-Tc superconductors in the Ni-and Fe-based oxypnictides, such as La
GPa), 28) and (Ba 1−x K x )Fe 2 As 2 (T c = 38 K). 29) These new-type superconductors also contain CEI-NEU ions, such as La 2+ (6s 1 ), Nd 2+ (6s 1 ), Gd 2+ (6s 1 ), Sm 2+ (6s 1 ), with the electron-doped LaO, GdO, NdO, and SmO-layers by F-donor doping or oxygen-vacancy-donor doping. Based upon our materials design as discussed above, we have a possibility to enhance the T c by using another layers of NEU ions as 1+ ions in n-type doped ZnO, CaO, MgO, BeO, BaO, CdO, The oxypnictides contain Fe 2+ (3d 6 ) which is ECI-NEU system as was discussed above. We should also try the candidates of ECI-NEU system such as Cr 2+ (3d 4 ), Mn 3+ (3d 4 ), Fe 4+ (3d 4 ), Co 5+ (3d 4 ), Ni 6+ (3d 4 ) for d 4 , and Cr 0 (3d 6 ), Mn + (3d 6 ), Co 3+ (3d 6 ), Ni 4+ (3d 6 ) for d 6 configurations (see Table II 
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